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(54) Optic for a total internal reflection (TIR) holographic system 



(57) The present invention relates to an optic in 
particular for use as optic in a total internal reflection 
(TIR) holographic system, a TIR apparatus and a proc- 
ess using such an optic. The optic comprises a plate 
(23) which has essentially flat first and second surfaces. 
It is of a material being transparent for the light used in 
the lithographic process and has a periodic grating 
structure (25,37) on the first surface whose period, in 
relation to the incident angle and wavelength of the light 



and the refractive index of the plate material, is such 
that only a zeroth (33) and one first order beams (29) of 
the light (27) being incident on the first surface at a pre- 
determined incident angle (64) are transmitted into the 
plate (23) and the transmitted first diffraction order (29) 
is essentially totally reflected at the second surface/air 
interface. 
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Description 

[0001] The present invention relates to an optic in 
particular tor use as optic in a total internal reflection 
(TIR) holographic system. 

[0002] The principles of total internal reflection (TIR) 
holography have been described already in 1970 in US 
3,551,018 by KA Stetson. Since then many efforts 
have been made to make use of TIR holography in the 
microelectronics industries. Prior art references are e.g. 
US4.857.425, US4.917.497. US4.966.428. 5,187,372. 
US 5,640.257 whose contents are herewith incorpo- 
rated by reference. 

[0003] A principal component of the TIR holographic 
systems presently used in the art is a prism which cor- 
responds to the projection optics in optical steppers and 
scanners. Since TIR holography uses only one prism as 
a primary optic, a lithographic tool using this technique 
is much simpler than conventional optical steppers hav- 
ing a great number of lenses which are of large size 
and, accorcfingly, difficult and expensive to manufacture. 
Another advantage of total internal reflection hologra- 
phy is related to the very small gap, typically between 50 
and 200 |im, between the hologram and the wafer to be 
printed which enable a large effective numerical aper- 
ture and large field size. 

[0004] The prisms usually used in Tl R holography for 
processing 5 inch or larger substrates weigh several kil- 
ograms. As the handling of such heavy prisms is incon- 
venient the photosensitive material is not applied 
directly to one of the prism surfaces but onto a separate 
plate which is then optically contacted to one of the 
prism surfaces. The use of separate plates offers the 
advantage that the plates can be easily processed by 
existing equipment The matching liquid is selected 
such that it exhbits the same refractive index as the 
prism and the glass plate. As the manufacture of elec- 
tronic devices usually requires the deposition of many 
layers of conductive and semi-conductive materials, one 
and the same wafer has to be exposed many times in 
the TIR lithographic system. Each time when a new pat- 
tern has to be printed on the wafer a corresponding new 
hologram has to be attached to the prism. A disadvan- 
tage of this procedure is that the exchange and the 
matching of the hologram bearing plate to a prism is an 
inconvenient procedure. A further disadvantage is that 
the interchange of holograms mounted to different 
prisms in the holographic equipment requires a incon- 
venient mechanical system. A still further disadvantage 
is that they can occupy a large space in the production 
facilities. 

[0005] The appliance of the photosensitive material 
directly on one of the prism surfaces has never been 
used so far as, in practice, it is difficult to achieve a uni- 
form coating of the material on the prism surface. Fur- 
ther, it is not convenient to process, i.e. develop, etch 
etc. , the image if the same is directly connected with the 
prism as this would require new processing equipment 




[0006] It is an object of the present invention to 
improve the optic of known total internal reflection (TIR) 
holographic systems in a sense that it becomes more 
manageable and more compact. A further object is to 

5 provide a coupling optic which can easily be attached to 
a substrate. A still further object is to provide an optic 
which can also function as support a substrate of a 
recording medium or hologram. 
[0007] According to the invention there is provided a 

10 plate having essentially flat first and second surfaces 
and of a material being transparent for the light used in 
the lithographic system or process, respectively, the 
plate having a periodic grating structure on the first sur- 
face whose period, in relation to the incident angle and 

is wavelength of the light and the refractive index of the 
plate material is such that only a zeroth and one first 
order beams of the light being incident on the first sur- 
face at a predetermined incident angle (e 4 ) are transmit- 
ted into the plate and that the transmitted first diffraction 

20 order is essentially totally reflected at the second sur- 
face/air interface. The inventive optic in the form of e.g. 
a grating backed glass plate has the advantage that it 
can replace the conventional prisms used so far in TIR 
holography as primary optic. The grating backed glass 

2S plate is light and can therefore be easily handled and 
processed. The optical plate can be used just as optic 
which is attached to a substrate bearing a recording 
medium or a hologram, or it can receive the recording 
medium or the hologram directly on the preferably plane 

30 second surface opposite to the grating bearing parallel 
first surface. In the latter case the optic functions also as 
support or substrate for the recording medium or holo- 
gram, respectively. Preferably, the depth to pitch ratio 
and profile of the periodic structure are such that the 

35 intensity of the transmitted first diffraction order is large 
in comparison with that of the transmitted zeroth diffrac- 
tion order. 

[0008] In order that the optic can be used as primary 
optic it needs to be transparent for the exposure fight or 

ao electromagnetic radiation used for illuminating the 
recording layer or the hologram. Preferably the sub- 
strate is made from a transparent or glass-like material 
or from glass having preferably a refractive index of 
greater than about 1 .4, preferably about 1 .4 to 1 .6 which 

46 is typical tor glass, and a depth to pitch ratio in the range 
between 1.0 and 3.0. For light of a wavelength of 140 
and 500 nm the incident angle can vary between 40 and 
80°, preferably between 50 and 75°. The pitch in abso- 
lute terms can be in the range of 250 to 60 nm, pref era- 

so Wy between 200 and 80 nm. 

[0009] The grating structure can be of a sawtooth or 
square or any other proffle. Preferably, for an incident 
light beam of wavelength 364 nm, a refractive index of 
about 1.4 to 1 .6 of the plate material and a square pro- 

55 f 3e of the grating structure, the depth to pitch ratio of the 
grating structure is in the range between 1.0 and 2.0 
and preferably between 1.35 and 1.7, and the incident 
angle of the light beam is between 55 and 80°. prefera- 
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Hy between 58 and 75 p , and most preferably at about 
60 to 72°. For the above parameters the pitch in abso- 
lute terms preferably ranges between 200 nm to 166 
nm, preferably between 197 nm and 175 nm, and most 
preferably is about 185 nm 

[001 0] Preferably, for an incident light beam of wave- 
length 364 nm, a refractive index of about 1.4 to 1.6 and 
a grating structure of a sawtooth profile, the depth to 
pitch ratio of the grating structure is in the range 
between 1.4 and 3.0, preferably between 2.8 and 2.0, 
and the incident angle is between 35 and 75°, preferably 
between 47 and 65°. and most preferably at about 55 to 
63°. For a sawtooth profile and by using light of 364 nm 
the pitch in absolute terms can range between 270 nm 
to 180 nm and preferably lies between 230 nm and 182 
nm, and most preferably is about 192 nm. 
[001 1 ] Exemplified embodiments of the invention are 
described below with reference to the drawings, 
wherein 



Fig. 11 



Fig. 12 
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invention; 

shows schematically the recording of a 
pattern (not shown) in a recording layer of 
a substrate having a grating formed 
directly on its backside; 

shows schematically the reconstruction of 
a hologram from the substrate of Fig. 10. 
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Fig.1 

Fig.2 
Fig.3 

Fig. 4 



Fig. 5 



Figs. 6,7 



Fig. 8 



Rg.9 



Rg. 10 



shows schematically the principle of total 
internal reflection holography for record- 
ing a mask pattern by way of a known TIR 
holographic system; 

shows schematically the reconstruction of 
the hologram; 

shows an embodiment of an optic accord- 
ing to the invention in the form of a trans- 
parent plate having a grating structure on 
one surface; 

shows the diffraction efficiency as a func- 
tion of the incident angle of light of 364 nm 
for different depthfcitch ratios of the grat- 
ing which results in a 45° deflection of the 
first order light; 



shows the grating pitch as a function of 40 
the incident angle of light of 364 nm for the 
grating structure of Fig. 4; 

show the same graphs as in Fig. 4 and 5 
but for a sawtooth grating structure; 45 

shows the sawtooth grating structure 
being the basis for the simulation of Figs. 
6 and 7; 
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35 



shows schematically the recording of a 
pattern (not shown) in a recording layer of 
a substrate which is attached to an optic 
according to the invention; 

shows schematically the reconstruction of 
a hologram formed on a substrate which is 
attached to an optic according to the 
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[0012] The principle of total internal reflection (TIR) 
follows from Snell's equation (n 1 *sin e t = n 2 *sin 8 2 ) 
which says that a light beam which passes obliquely 
from a medium of a higher refractive index (n^ into a 
medium of a lower refractive index (ng) is totally 
reflected at the interface of the two media if the angle of 
the incident light beam exceeds a certain value, the so- 
called critical angle. In the case of the media glass (^ = 
1 .5) and air (r^ « 1) the critical angle is approx. 41 .5°. 
[0013] An essential component of each hitherto 
known TIR holographic system is a prism 1 1 (Rg. 1 and 
2). On said prism 11a farst substrate 13 being coated 
with a holographic recording layer 19 is index-matched 
by means of an appropriate matching fluid 15 (Rg. 1). In 
the drawings the thicknesses of the layers do not corre- 
spond to the actual values, i.a the thickness of the 
recording layer 19 normally is much less thick than the 
substrate 13. The matching fluid 15 is chosen such that 
it exhibits the same refractive index as the prism mate- 
rial so that a light beam 1 7 which passes from the prism 
1 1 into the substrate 13 is not further refracted at the 
prisrrvsubstrate interface. Provided the hologram 
recording layer exhibits a smaller or greater refractive 
than the substrate material, then the light beam 1 7 will 
be refracted at the interface between the substrate 13 
and the holographic recording layer (83). This refraction 
has no influence on the hologram formig process as 
long as the condition for total internal reflection is ful- 
filled. Total internal reflection occurs at the interface 
between the holographic layer 19 and the ambient air if 
the angle e 1 of the incident light beam 1 7 is greater than 
the critical angle (Rg. 1). As the possible refraction 
between the substrate 13 and the recording medium 19 
has no impact on the present invention, said refraction 
will not be further discussed in the following description. 
[0014] For recording a hologram, a mask pattern (not 
shown in Rg. 1), containing e.g. an integrated circuit 
pattern, is placed parallel and in proximity to the first 
substrate 13. Thereafter the pattern of the integrated 
circuit is holographicalry recorded in the recording layer 
1 9 of the first substrate 1 3 by illuminating said recording 
layer 19 with an object beam 21 and the reference beam 
1 7 of mutually coherent light, the object beam 21 pass- 
ing through the mask window and being incident on the 
recording layer 19 at 90°, and the reference beam being 
projected through one of the shorter faces of the prism 
1 1 at such an angle that the light beam is totally inter- 
nally reflected at the photosensitive layer/air interface. 
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The interference between the object and the reference 
beams 17,21 is recorded in the photosensitive or 
record ng layer 19 to form a hologram which is desig- 
nated with reference numeral 20 in Fig. 2. 
[001 5] For reconstructing the hologram 20, the nolo- s 
gram bearing substrate 13 is again index-matched to 
the prism face and, instead of the mask, a second sub- 
strate, eg. a silicon wafer (not shown in Fig. 2) being 
coated with a photosensitive layer, is placed parallel and 
in proximity to the hologram 20 bearing first substrate to 
13 (Fig. 2). Thereafter a so-called reconstruction beam 

22 is directed through the prism 11 in the exactly 
reversed cfirection (angle fy) to the reference beam 17 
previously used for the hologram recording. In practice, 

the hologram usually is rotated 180° about its axis so is 
that the reference beam 1 7 functions as reconstruction 
beam. The reconstruction beam 22 produces a positive 
image of the circuit pattern in the photosensitive layer of 
the silicon wafer (light beam 24). 
[0016] In the subsequent figures like elements are 20 
designated with like reference numerals as in the previ- 
ous description of figures 1 and 2. 
[001 7] According to the invention there is provided an 
optic in the form of aflat transparent object or plate 23 
having a high transmission coefficient for the light being 2s 
used in the holographic process and having a periodic 
grating structure 25 formed on one surface of the plate 

23 (Fig. 3). Such a grating backed plate 23, as will be 
explained hereinafter, can replace the prism 1 1 of con- 
ventional TIR holographic systems. 30 
[0018] As shown in Fig. 3 a light beam 27 being inci- 
dent on the grating structure 25 at an angle 0 4 will be 
diffracted so that the transmitted first order beam 29 
impinges on the opposite internal surface 31 at an angle 

Bj being greater than the critical angle. The totally 35 
reflected light beam 29' then escapes from the plate 23 
through grating structure 25 at an angle 8 8 . The zero 
order light beam 33 however is deflected by the grating 
structure 25 to the internal surface 31 at an angle e 6 . 
[0019] The relationship among the angles 6 4 to e 8 is <o 
as follows: 

1. 6 4 » 8 5 - 6 8 . This relationship follows directly 
from law of reflection. 

2. 6 6 is defined by Snell's equation: 46 
n 2 *sin 6 4 o n 3 *sin e 6 wherein and ri3 are the 
refractive indices for air and the plate material, 
respectively, and e 4 is chosen such that the best 
transmitting first order diffraction efficiency, or an 
acceptably high diffraction efficiency, can be so 
obtained in conjunction with the grating structure 
used The grating structure 25 is defined by its grat- 
ing depth to pitch ratio (d/p) and the profile or shape 

of the grating. 

3. The relationship between e 4 and p is calculated ss 
for a specific grating shape based on the grating 
equation: 



/sin 8 d + n a "sin 8 7 = M>. 



wherein X is the free space wavelength of the beam 

27. 

In the above equation all parameters except e 4 
and the pitch p are known (67 is set to 45° which is 
greater than the critical angle and X corresponds to 
wavelength of the light source used). 

[0020] Fig. 4 and 5 show the simulation results 
obtained for the unknown parameters d,p and 0 4 when 
m 45°. X m 364 nm and the grating structure has a 
square profile. The simulations were performed by 
applying the numerical calculations disclosed by M.G. 
Moharam and T.K. Gaylord in Opt. Soc. Am.. 72 (10), 
pp. 1385-1392 (1982) under the title "Diffraction analy- 
sis of dielectric surface-relief gratings*. Another solution 
which produces the same results was published by R.H. 
Morf in Opt. Soc. Am., A12 (5). pp. 1043-1056 (1995) 
under the title "Exponentially convergent and numeri- 
cally efficient solution of Maxwell's equations for lamel- 
lar gratings". The aforementioned two references are 
herewith incorporated by reference. 
[Q021] As it can be seen from Fig. 4 and 5. the trans- 
mitted first order efficiencies (solid lines) are higher than 
the transmitted zero order efficiencies (dashed lines) as 
long as the incident angle of beam 27 is higher than 50°. 
The highest transmitted first order efficiency (96%) is 
found at an incident angle of 67° at a depth to pitch ratio 
of 1.4 where only a small fraction (= 1%) of the 
transmitted zero order light is observed. The remaining 
3% of the light intensity is reflected off the grating sur- 
face (light beam 35 in Fig. 4). rt further follows from the 
above calculations that at an angle of 67° the grating 
pitch p should be as small as about 185 nm (see arrow 
36 in Figs. 4 and 5). 

[0022] Similar simulations can be done for cfifferent 
grating shapes, e.g. a sawtooth proHe 37 (Fig. 6 to 8). 
For the sawtooth profile 37 the highest efficiency of 
transmitted first order light is found at an incident angle 
of 58° for a depth to pitch ratio (d/p) of 2.4. The optimum 
pitch of the grating thereby is as small as 192 nm (see 
arrow 38 in Figs. 6 and 7). 

[0023] Fig. 9 and 1 0 show the use of a glass plate 23 
having a grating structure on one surface as primary 
optic to which a substrate 13 of preferably the same 
refractive index is optically contacted. The grating 
backed glass plate 23 replaces the prism 11 of hitherto 
known TIR holographic systems as shown in Figures 1 
and 2. 

[0024] The optic according to the invention allows to 
coat the recording layer 19 directly onto the grating 
backed glass plate 23 (Fig. 1 1 and 12). Substrates hav- 
ing a grating structure 25.37 on one surface and a holo- 
gram or holographic recording layer on the other surface 
can be processed in the same manner and in existing 
apparatus as conventional substrates. Grating backed 
substrates have the advantage that there is no longer a 
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need for an indexing fluid for matching the substrate to 
the optic like in the known TIR holographic systems 
(compare Figures 1 and 2). This means that the manu- 
facturing process using the inventive optic becomes 
faster and the risk that the surfaces are deteriorated by 5 
attaching the substrate to and detaching it from the pri- 
mary optic is eliminated. 

[0025] Simulations can also be performed for other, 
e.g. smaller, wavelengths. It can be shown that the max- 
imum of the transmitted f irst order light is not essentially 10 
shifted and that also the incident angle is about the 
same when light of = 257 nm instead of 364 nm is used. 
By using light of 257 nm the pitch of the grating should 
be as small as 1 30 nm for a square profile. 
[0026] It will be appreciated by a skilled person that is 
the present invention offers significant advantages over 
hitherto known optics of holographic systems. The grat- 
ing coupled TIR holography allows an easier handling 
and processing of the substrates, in particular when the 
grating structure 25.37 is formed directly on the back- 20 
side of the substrate, i.e. the substrate or support for the 
recording layer 19 or hologram 20 is the primary optic at 
the same time. It is also possible to form the grating 
25,37 on a foil which can be attached to the backside of 
the substrate. As grating backed substrates are much 25 
less expensive than known prisms it is possible to use a 
plurality of such grating backed plates and to automate 
the exposure, developing etc. process for making multi- 
layered electronic devices such as integrated circuits. 
The material of the substrate can be any which is so 
essentially transparent for the fight to be used in the 
exposure process. The periodic grating structure can be 
manufactured by any lithographic methods such as opti- 
cal, electron-beam, ion beam, x-ray, holography, AFM 
etc. The grating backed plates can be used many times. 35 
The invention is neither limited to any specific grating 
structure nor to a specific wavelength nor to a specific 
substrate material. The angle of the incident light beam 
and the optimum depth to pitch ratio as well as the pitch 
in absolute terms can be calculated for a determined 40 
grating profile, wavelength and determined refractive 
indices according to known algorithms. 

Claims 

1. An optic, in particular for use as optic in a total inter- 
nal reflection (TIR) holographic system, for coupling 
light incident on the optic at a predetermined inci- 
dent angle, comprising a plate (23) having essen- 
tially flat first and second surfaces and of a material 
being transparent for the fight used in the litho- 
graphic system or process, respectively, the plate 
(23) having a periodic grating structure (25,37) on 
the first surface whose period, in relation to the inci- 
dent angle and wavelength of the light and the 
refractive index of the plate material is such that 
only a zeroth (33) and one first order beams (29) of 
the light (27) being incident on the first surface at a 



predetermined incident angle (6 4 ) are transmitted 
into the plate (23) and that the transmitted first dif- 
fraction order (29) is essentially totally reflected at 
the second surface/air interface. 

2. An optic according to dam 1 wherein the depth to 
pitch ratio and profile of the periodic structure are 
such that the intensity of the transmitted first diffrac- 
tion order (29) is targe in comparison with that of 
the transmitted zeroth diffraction order (33). 

3. An optic according to daim 1 or 2, characterized in 
that for a refractive index of the plate (23) of about 
1 .4 to 1 .6 the depth to pitch ratio (d/fr) of the grating 
structure (25,37) is in the range between 1.0 and 

3.0. 

4. An optic according to any of the preceding claims 1 
to 3, wherein for a wavelength of the light in the 
range between 140 nm and 500 nm the incident 
angle varies between 40 and 80°, preferably 
between 50 and 75°. 

5. Optic according to any of the preceding claims 1 to 
3. characterized in that for an incident light beam of 
wavelength 364 nm, a refractive index of about 1 .4 
to 1.6 of the plate (23) and a square profile (25) of 
the grating structure, the depth to pitch ratio of the 
grating structure is in the range between 1.0 and 
2.0 and preferably between 1.35 and 1.7, and the 
incident angle of the light beam is between 55 and 
80°, preferably between 58 and 75°. and most pref- 
erably at about 60 to 72°. 

6. Optic according to any of the preceding daims 1 to 
3. characterized in that for an incident light beam of 
wavelength 364 nm, a refractive index of about 1.4 
to 1.6 and a grating structure of a sawtooth profile, 
the depth to pitch ratio of the grating structure is in 
the range between 1.4 and 3.0 and preferably 
between 2.8 and 2.0, and the incident angle is 
between 35 and 75°, preferably between 47 and 
65°, and most preferably at about 55 to 63°. 

45 7. Total Internal Reflection (TIR) holographic appara- 
tus comprising 

- an optic (23) according to any of the preceding 
claims 1 to 5; 

so - at least one light source emitting light of a cer- 
tain wavelength for generating a reference 
beam (27) 

- means for directing the reference beam (27) to 
the grating structure bearing first surface of the 

55 optic (23) such that the reference beam (27) is 

totally reflected at the second surface/air inter- 
face. 
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8. The apparatus according to claim 7 characterized 
in that it further comprises 

- beam splitting means tor generating an object 
beam (21 ) and a reference beam (27); and 5 

- means for directing the object beam (21) to the 
optic (23) at substantially normal incidence. 

9. Use of an optic according to any of the preceding 
claims 1 to 5 in a total internal reflection holographic io 
system. 

10. Total internal reflection holographic process 
wherein light is directed to a holographic recording 
layer such that it traverses the layer and is then is 
essentially totally reflected off the holographic 
recording layer/air interface characterized in that 
the holographic recording layer is applied directly 

on the second surface of an optic according to any 
of the preceding claims 1 to 6 and that the light is 20 
directed to the first surface such that only a zeroth 
(33) and one first order beams (29) of the light (27) 
being incident on the first surface at a predeter- 
mined incident angle (84) are transmitted into the 
plate (23). 26 

11. Total internal reflection holographic process 
wherein light is directed to a holographic recording 
layer such that it traverses the layer and is then 
essentially totally reflected off the holographic 30 
recording layer/air interlace characterized in that 
the holographic recording layer is applied on a 
transparent substrate which is then optically cou- 
pled to the second surface of an optic according to 
any of the preceding claims 1 to 6 and that the light 35 
is directed to the first surface such that only a 
zeroth (33) and one first order beams (29) of the 
light (27) being incident on the first surface at a pre- 
determined incident angle (64) are transmitted into 
the plate (23). 40 
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